Objective: Hearing impairment is highly prevalent, but little is known about hearing health care among older minority adults. Method: We analyzed nationally representative, cross-sectional data from 1,544 older adults ≥70 years with audiometry and hearing care data from the 2005-2006 and 2009-2010 National Health and Nutritional Examination Surveys. Results: After adjusting for age and speech frequency pure tone average, Blacks (odds ratio [OR] = 1.68, vs. Whites) and those with greater education (OR = 1.63, ≥college vs. <high school) were more likely to report recent hearing testing, while White older adults and those with greater socioeconomic status were more likely to report regular hearing
Introduction
Age-related hearing impairment is highly prevalent and increases with age; more than two thirds of adults 75 years and older have a clinically significant hearing impairment (Lin, Thorpe, Gordon-Salant, & Ferrucci, 2011) . Hearing impairment impacts the social, cognitive, and physical functioning of older adults in ways that are substantial and often underestimated and underappreciated. Hearing impairment is independently associated with depression (Cacciatore et al., 1999; Jones, Victor, & Vetter, 1984; Mulrow et al., 1990) , anxiety (Jones et al., 1984) , communication difficulties (Gopinath et al., 2012; Mulrow et al., 1990) , social isolation (Pronk et al., 2011; Pronk et al., 2014) , increased caregiver burden (Kuzuya & Hirakawa, 2009 ), use of community support (Schneider et al., 2010) , poorer cognitive functioning (Cacciatore et al., 1999; , accelerated cognitive decline (Lin et al., 2013) , incident dementia (Lin et al., 2013) , poorer physical functioning (Dalton et al., 2003) , and increased falls (Viljanen et al., 2009 ). The mechanistic pathways potentially underlying these associations (e.g., poor verbal communication, cognitive load, social withdrawal) may be amenable to hearing loss treatment (Parham, Lin, Coelho, Sataloff, & Gates, 2013) . Hearing aids, along with adequate counseling and education, generally form the foundation of a comprehensive approach to hearing health care, which have been associated with sustained improvements in social, emotional, and communicative function (Mulrow et al., 1990; Mulrow, Tuley, & Aguilar, 1992) .
Hearing assessment is essential to the provision of hearing health care, yet currently there are no national guidelines for hearing testing among older adults (Moyer & U.S. Preventive Services Task Force, 2012) . Consequently, only 15% of older adults receive hearing screening (Kochkin, 2009) . Even when hearing impairment is identified, there is evidence of inadequate access to intervention services, such as counseling and hearing aids. Fewer than 20% of older adults with audiometrically confirmed hearing impairment use hearing aids (Gates, Cooper, Kannel, & Miller, 1990; Kochkin, 2009; Lin, Thorpe, et al., 2011; Popelka et al., 1998) . Multiple factors have been suggested to account for low rates of hearing aid use, including the time-and resource-intensive process of assessment and fitting, the large financial investments to purchase devices without the assistance of insurance, including Medicare (Knudsen, Oberg, Nielsen, Naylor, & Kramer, 2010) , a lack of public awareness and education about how to cope with the effects of hearing impairment (Carson & Pichora-Fuller, 1997; Knudsen et al., 2010) , stigma (Wallhagen, 2010) , low self-efficacy for use and care of hearing aids (Kricos, 2000) , and inadequate and limited management of hearing impairment as part of general health care provision for older adults (Meyer & Hickson, 2012; Schneider et al., 2010) . Furthermore, hearing loss and the use of hearing health care are best characterized in the literature among non-Hispanic Whites, with less research devoted to understanding patterns of hearing health care among underserved and minority populations Gates et al., 1990; Nash et al., 2013) .
Although well-documented disparities exist in health care based on race/ ethnicity and socioeconomic status (SES; Agency for Healthcare Research and Quality, 2014; Centers for Disease Control and Prevention [CDC], 2013; Institute of Medicine, 2003 , 2012 , few studies explore the impact of race/ethnicity and SES on hearing health care and whether associated disparities exist in hearing testing and hearing aid use (Bainbridge & Ramachandran, 2014; Lee, Carlson, Lee, Ray, & Markides, 1991; Tomita, Mann, & Welch, 2001) . Of the few studies that consider race/ethnicity, the authors demonstrate significant differences in rates of hearing aid use between minority and White older adults (10%-17.1% of minorities vs. 28.6%-35.4% of Whites), but the authors focus on hearing aid use, only one aspect of hearing health care, and do not examine the potential differential effects of socioeconomic factors on hearing health care by race/ethnicity (Bainbridge & Ramachandran, 2014; Lee et al., 1991; Tomita et al., 2001) . Similarly, only a small number of studies examine SES, primarily defined by years of education and income level, and found inconsistent associations with hearing health care (Bainbridge & Ramachandran, 2014; Knudsen et al., 2010; Meyer & Hickson, 2012) .
The objective of this study was to examine hearing health care disparities, specifically, recent hearing testing and regular hearing aid use, among older adults using nationally representative data and to explore whether the associations differ by race/ethnicity. Understanding the current state of knowledge surrounding diverse older adults' hearing health care will enable us to meet the National Institute on Deafness and Other Communication Disorders (NIDCD) and Healthy People 2020 objectives to improve hearing aid adoption rates and health equity through accessibility and affordability (Donahue, Dubno, & Beck, 2010; Healthy People, 2014) .
Method

Study Cohort
The cohort included in this study was drawn from the 2005-2006 and 2009-2010 cycles of the National Health and Nutritional Examination Surveys (NHANES) during which audiometric testing was performed in all adults 70 years and older. NHANES is a nationally representative, cross-sectional study of Americans that measures a range of health, functional, and laboratory measures through interviews and physical examinations (Johnson et al., 2013) . Sampling occurs through a multistage probability sample design that includes selective oversampling for underrepresented subgroups, such as ethnic minorities, low-income individuals, and adults 70 years and older. Survey weights allow for participant data to be generalized to the U.S. population (Johnson et al., 2013) .
Audiometric Assessment
Trained technicians performed otoscopy and audiometry, including pure tone air conduction hearing thresholds, according to NHANES protocols using a mobile sound booth, an Interacoustics AD226 audiometer, supra-aural headphones (TDH-39P), and an automated test procedure (modified Hughson-Westlake procedure; NHANES Audiometry, 2006) . Participants with hearing aids were asked to remove them and were tested without the assistance of their hearing aids (NHANES Audiometry, 2006) . A manual test procedure was utilized when participants were unable to use the response switch or follow the automated protocol, had a high false positive response rate, or thresholds exceeded 100 dB (NHANES Audiometry, 2006) . Insert earphones (EARtone 3A) were employed with suspected ear canal collapse or large differences in pure tone thresholds between ears (NHANES Audiometry, 2006) . Equipment underwent routine calibration, and ambient noise was monitored regularly to ensure acceptable standards for interpretation (NHANES Audiometry, 2006) . Participant reliability was monitored through the use of a test-retest protocol at 1,000 Hz threshold (NHANES Audiometry, 2006) . Pure tone thresholds were obtained from 0.5 to 8,000 Hz, starting at 1,000 Hz and integrated manual re-test thresholds when appropriate (NHANES Audiometry, 2006) . The better hearing ear speech frequency pure tone average (PTA) from 0.5 to 4 kHz was used to define hearing. All hearing thresholds are reported as decibels Hearing Level (dBHL) (ANSI S3.6-2004) , and classifications of hearing loss severity were based on the better hearing ear and American Speech-Language-Hearing Association guidelines but collapsed into fewer categories to assist with analysis (normal hearing ≤25 dB HL, mild loss >25 dB HL and ≤40 dB HL, moderate loss >40 dB HL and ≤70 dB HL, and severe loss >70 dB HL; (ANSI S3.6-2004) ; Clark, 1981) .
Hearing Health Care Measures
The two primary outcomes were defined as recent hearing testing and, for those with hearing loss, regular hearing aid use. Recent hearing testing was defined by the participant reporting whether he or she had hearing testing within the past 4 years. Regular hearing aid use was defined by reported use of a hearing aid ≥5 hr a week in the past 12 months.
Variables Associated With Health Care Disparities
Demographic characteristics, insurance status, general health condition, and health care utilization were collected through interviews. Race/ethnicity was divided into non-Hispanic White (White), non-Hispanic Black (Black), and Mexican American. Given differences in oversampling between Hispanic subgroups across the 2005-2006 and 2009-2010 cycles, only Mexican Americans were included per National Center for Health Statistics (NCHS) recommendations (Johnson et al., 2013) . Marital status was collapsed into a four-level variable (married/living with partner, widowed, divorced/separated, never married). Poverty income ratio (PIR) takes into account household size and was divided based on Supplemental Nutrition Assistance Program (SNAP) cut-off of 130% or 1.3 of the poverty line and used in place of household income (SNAP, 2013) . Private insurance, Medicare, and Medicaid status were coded as binary variables. Medicare and Medicaid are publicly funded health insurance programs that provide coverage for older adults, 65 years and older, and low-income adults and children, respectively. Health care utilization was defined as the frequency of health care utilization in the past year and was re-coded as a four-level variable (none, 1-3, 4-9, 10 or more visits per year). Self-report general health was categorized as a fivelevel variable (excellent, very good, good, fair, or poor).
We also included data on noise exposure history and utilization of hearing protection into analyses given that these variables may markedly affect hearing thresholds and hearing health care. These variables include firearm use ("Have you ever used firearms for target shooting, hunting, or for any other purposes?"), occupational noise exposure ("Have you ever had a job where you were exposed to loud noise 5 or more hours a week?"), recreational noise exposure ("Outside of a job, have you ever been exposed to steady loud noise or music for 5 or more hours a week?"), and frequency of hearing protection use ("How often do you wear hearing protection devices when exposed to loud sounds or noise?"; NHANES Audiometry Questionnaire, 2009).
Statistical Analysis
Sampling weights were applied to all analyses according to NCHS guidelines, including Table 1 , which represents the weighted demographic characteristics of the study cohort (Johnson et al., 2013) . Differences in socioeconomic, health care, and hearing variables across racial/ethnic groups were investigated with the use of chi-square tests. Demographic variables along with variables related to SES, health care, and hearing were explored in association with the two primary outcomes, recent hearing testing and regular hearing aid use, through logistic regression models. For hearing aid analyses, only those individuals with better ear PTA > 25 dB were included in the analytic cohort.
A series of crude regression models were first explored, not only examining the association between each predictor variable (e.g., race/ethnicity, education, income) with the primary outcome (recent hearing testing or regular hearing aid use) but also adjusting for age and degree of hearing impairment (PTA) in all models (because these variables are known to be highly correlated with both outcomes). Age was adjusted for as an ordinal variable (70-74, 75-79, 80+) and could not be adjusted for as a continuous variable because individuals in the 2009-2010 cycle who were >80 years were coded as being 80 years for privacy reasons (NHANES 2009 -2010 Data Documentation, 2011 . We next performed a multivariate logistic regression that included age, hearing impairment, and all predictor variables from the crude logistic regression models that had two-tailed p ≤ .1.
Last, crude and multivariate models of the primary outcome, recent hearing testing, were stratified by race/ethnicity to assess potential differential factors between White, Black, and Mexican American older adults. Similar to the approach used for variable selection in the multivariate models involving the cohort as a whole, variables in the stratified models were selected based on whether the individual predictor approached statistical significance in the crude models (two-tailed p ≤ .1). Multivariate logistic regression models, stratified by race/ethnicity, included age, PTA, and all variables with two-tailed p ≤ .1 in the crude models. Following NCHS guidelines, we utilized the Taylor Series Linearization method (Johnson et al., 2013) . All analyses were conducted using SAS 9.3 (SAS, Cary, North Carolina). Statistical significance was defined as two-tailed p < .05.
Results
Study Cohort
Characteristics of adults 70 years or older in the United States who are White, Black, or Mexican American are presented in Table 1 . Whites, Blacks, and Mexican Americans differed across socioeconomic, health care-, and hearingrelated variables. Compared with Whites, the minority groups were generally younger, a larger proportion were widowed, had less education, lower income levels, lower PIR, lower rates of private insurance coverage, and worse reported general health. Of note, greater than 60% of Mexican Americans had a less than high school education, and almost half of Blacks and Mexican Americans had less than US$25,000 in annual household income. Black older adults had a lower better ear speech PTA compared with White and Mexican American older adults, but there was no significant difference in reported rates of occupational or recreational noise exposure by race/ethnicity.
Recent Hearing Testing
In the crude models, adjusted for age and hearing thresholds, recent hearing testing was more common among Blacks ( 
Hearing Health Care Behaviors by Race/Ethnicity
To understand factors that may uniquely contribute to hearing health care behaviors within different racial/ethnic groups, analyses of hearing testing were stratified by racial/ethnic group (race/ethnicity-stratified analyses for hearing aid use were not possible because of the limited number of individuals reporting hearing aid use in Blacks and Mexican Americans; Table 3 ). In multivariate models stratified by race/ethnicity, factors significantly associated with hearing testing use differed among Whites, Blacks, and Mexican Americans. On average, we observed that among Whites, marital status and higher education were positively and significantly associated with hearing testing, similar to the group analysis. Among Blacks, receiving Medicaid and reporting lower general health were negatively associated with hearing testing, while high rates of health care utilization were positively associated. For Mexican Americans, higher education and receiving Medicare were positively associated with recent hearing testing (Table 3 ).
Discussion
In this nationally representative study of older Americans, Black older adults were more likely than Whites to report recent hearing testing. On average, we observed that Blacks were twice as likely to report recent hearing testing than Whites based on a multivariate model, controlling for age, hearing loss, marital status, education, and self-report health. This finding is in contrast to documented disparities in preventive health services among older adults based on race/ethnicity (Chen, Diamant, Pourat, & Kagawa-Singer, 2005; Lees, Wortley, & Coughlin, 2005) . However, despite higher rates of recent hearing testing, we found that minority older adults were less likely to use hearing aids than Whites. Among older Americans with hearing loss, Black older adults were 58% and Mexican American older adults were 78% less likely than White older adults to report regular hearing aid use after controlling for age and degree of hearing impairment. These findings highlight a discrepancy between diagnostic testing and treatment in the provision of hearing health care services to minority older adults.
A surprising and unanticipated finding in our results is that Blacks were more likely than Whites to have had recent hearing testing. The basis of this observation is unknown and will require further confirmation given the relatively small sample size of minorities in the present cohort. Speculatively, there are several possible explanations for this observation. One possibility is that Medicare coverage is almost universal among older Americans and includes coverage of audiometric testing. Medicare attenuates disparities in health care utilization for services covered by Medicare by minimizing the effect of economic access variables (e.g., education, income, wealth, health insurance; Dunlop, Manheim, Song, & Chang, 2002; Shih, Zhao, & Elting, 2006; also Dunlop et al., 2002; Shih et al., 2006) . For example, rates of vision care, which is similar to hearing testing in its coverage by Medicare, do not differ among older adults by race/ethnicity (Chou et al., 2012) . Another explanation may be differences in physician referral rates by race/ethnicity, which may affect referrals for a range of services, from preventive care to invasive procedures (Goulart et al., 2013; LaVeist, Morgan, Arthur, Plantholt, & Rubinstein, 2002) .
Differential access to specialists due to geographic access may also account for differences in recent hearing testing by race/ethnicity. Similar to hearing health care, access to oral health care relies on the ability of older adults to access specialists without the assistance of Medicare and differences in rates of oral health care between urban and rural older adults exist (Vargas, Yellowitz, & Hayes, 2003) . The majority of Blacks live in metropolitan areas with potentially greater access to specialized care (Agency for Healthcare Research and Quality, 2014; McKinnon, 2003 ). An additional contributor to higher rates of hearing testing may be secondary to concentrated efforts to provide hearing testing through community-or occupation-based testing programs in underserved communities. Alternatively, Black older adults may be more likely to report recent hearing testing compared with Whites if they delayed hearing testing until after obtaining Medicare coverage. Among previously uninsured older adults, who are more likely to be a minority, have less education, and lower income, Medicare coverage increases the use of covered services, number of doctor visits, hospitalizations, and total medical expenditures (McWilliams, Meara, Zaslavsky, & Ayanian, 2007; McWilliams, Zaslavsky, Meara, & Ayanian, 2003) .
Finally, intrinsic factors, such as stigma, may also influence an individual's pursuit of hearing testing. African Americans may experience less stigma and more readily obtain hearing testing based on physician referral. Several studies have documented lower rates of stigma surrounding depression and willingness to seek care among African Americans compared with Whites, but the differential experience of stigma by race/ethnicity has not been fully explored around hearing testing (Diala et al., 2001; Givens, Katz, Bellamy, & Holmes, 2007; Wallhagen, 2010) .
Our results also demonstrate that factors associated with recent hearing testing varied by race/ethnicity. For White older adults, higher education was associated with recent hearing testing, which is consistent with prior studies and other preventive services, such as vision care (Chou et al., 2012; Helvik, Wennberg, Jacobsen, & Hallberg, 2008; Popelka et al., 1998) . Among Black older adults, recent hearing testing was associated with higher rates of health care utilization, which may reflect individuals who have greater access to care. However, Medicaid coverage was negatively associated with recent screening for Black older adults and reflects similar findings of lower rates of preventive health services among older adults covered by Medicaid compared with those covered by supplemental private insurance (Chen et al., 2005) . This finding contrasts with prior studies that found older adults with Medicaid were almost twice as likely to make physician visits and use hospital services as compared with older adults without Medicaid (Lum & Chang, 1998) . Among Mexican American older adults, higher education and Medicare coverage were associated with recent hearing testing. Medicare coverage may reflect a higher degree of acculturation and access to care given associated citizenship requirements for Medicare coverage. The differential factors associated with hearing testing by race/ethnicity emphasize the need to approach hearing health care with an understanding of the unique barriers and facilitators that affect older adults' use to hearing health care.
Besides race/ethnicity, regular hearing aid use was strongly associated with disparities-related variables (including education, PIR, and private insurance) and several hearing-related variables (recreational noise exposure and frequency of hearing protection use). Economic access factors significantly affect health care utilization for services not covered by Medicare, such as dental care and hearing aids, and perpetuate disparities in health care utilization among minority older adults (Dunlop et al., 2002) . Several prior studies explored factors associated with help seeking and hearing aid uptake such as race/ethnicity, education, and income, and produced inconsistent results (Knudsen et al., 2010; Meyer & Hickson, 2012) . A few studies demonstrated minority older adults are less likely than Whites to use hearing aids (Bainbridge & Ramachandran, 2014; Tomita et al., 2001) . Popelka et al. showed a significant association between education beyond 12 years and hearing aid use among American adults, which Helvik et al. also demonstrated among Norwegian adults with greater than 13 years of education (Helvik et al., 2008; Popelka et al., 1998) . Previous NHANES studies from the 1980s report lower income as a predictor of hearing aid use among Mexican Americans with no effect of education or insurance status, which may reflect changes in Medicaid coverage of hearing aids (Lee, Gomez-Marin, & Lee, 1996) . However, several other studies found education and income to have no effect on hearing aid uptake (Gussekloo et al., 2003; Humes, Wilson, & Humes, 2003; Knudsen et al., 2010; Kochkin, 2009; Meyer & Hickson, 2012) . Overall, race/ethnicity has seldom been investigated as a factor in help seeking and hearing aid uptake, and, when SES was included, the concept was narrowly defined by education, income, and/or self-reported ability of income to meet needs. Furthermore, most prior studies primarily consist of White older adults Gates et al., 1990; Nash et al., 2013) .
When controlling for disparities-related variables (e.g., education, PIR) in the multivariate model, minority older adults were not significantly less likely to use hearing aids despite obtaining significant results when only age and hearing impairment were included in the crude model. However, such analyses must be interpreted with caution given the relatively small sample size of minority adults in NHANES. Combining the 2005-2006 and 2009-2010 cohorts, there were 152 Mexican American older adults and 227 Black older adults compared with 1,165 White older adults. The relatively small sample of minority adults limited analyses, particularly when stratifying by race/ethnicity. Although statistically significant, some estimates were unstable due to the small sample of Mexican American and Black older adults, as illustrated by insurance subtype. For analyses of regular hearing aid use, the sample size further decreased given the focus on hearing impaired older adults. For example, there were only 10 Black older adults and 11 Mexican American older adults who wore hearing aids regularly.
A more nuanced approach to investigating the association between race/ ethnicity and SES is needed within the field of hearing health care. Race/ ethnicity is confounded by SES, and small sample sizes, as seen in this study, preclude robust statistical inferences. Current approaches to disparities research also fail to capture racial segregation as a determinant of social and environmental risk exposures (Laveist, Thorpe, Mance, & Jackson, 2007) . Multivariate modeling, as utilized in this study, is a commonly used approach to account for the effects of race/ethnicity and SES (Laveist et al., 2007; Thorpe, Brandon, & LaVeist, 2008) but may be insufficient to draw valid conclusions, given small sample sizes (n = 10-11 for regular hearing aid use among minority older adults) and the inability to account for residual confounding by factors associated with racial segregation (e.g., differences in infrastructure, living conditions, and life chances; LaVeist, 2003; Laveist et al., 2007) .
The primary limitation of this study is the small sample size of minority older adults with hearing impairment, which limited analysis and the generalizability of results. Another potential limitation of this study is that recent hearing testing and regular hearing aid use are based on self-report. Subjective self-report could bias results by overestimating an individual's use of hearing aids given social desirability, but studies have documented that users may either overestimate or underestimate use (Maki-Torkko, Sorri, & Laukli, 2001; Taubman, Palmer, Durrant, & Pratt, 1999) . Measures in NHANES also do not capture the effects of racial segregation, leaving social and environmental factors that may impact recent hearing testing and regular hearing aid use among minority older adults unaccounted for and unaddressed. This exclusion impacts our ability to measure the true effect of race/ethnicity on recent hearing testing and regular hearing aid use.
Conclusion
Our findings demonstrate that race/ethnicity and socioeconomic factors, such as education, PIR, and insurance status, are associated with hearing health care disparities among older adults. Further research to elucidate differences in hearing testing, help seeking, and hearing aid uptake based on race/ethnicity and SES is critical because of the growing populations of minority older adults. This study underscores the need for research on hearing health care that accounts for the effects of race/ethnicity and SES to inform the future development of tailored hearing health care interventions.
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